The objective of this study was to estimate the biomass, nutrient stocks, and nutrient utilization efficiency of six genotypes of eucalypts at 49-months-old. The experiment was conducted in Eldorado do Sul (Climate of the region is characterized as subtropical humid -Cfa; and the soil in the experimental area is the Red-Yellow Argissol), Rio Grande do Sul, Brazil. The selected trees were fractionated into leaves, branches, stembark and stemwood. The amount of total biomass ranged from 68.40 to 117.52 Mg ha -1 , with the highest production being hybrid Eucalyptus urophylla x E. globulus, and E. dunnii the lowest. The canopy (leaves and branches) accumulated between 17% and 52% of the total macronutrients in E. benthamii (Provenance 1) and hybrid E. urophylla x Santos et al.; JEAI, 34(4): 1-12, 2019; Article no.JEAI.48446 2 E. globulus and from 24% to 34% of the total micronutrients in E. dunnii and hybrid E. urophylla x E. globulus. While the stem (wood and bark) accumulated between 48 to 83% and 66 to 76% of the total macro and micronutrients, respectively. For the stemwood, it was observed that E. benthamii (Provenance 2) presented the highest values of nutritional efficiency for N, Ca, Cu and Fe, and hybrid E. urophylla x E. globulus for P, Mg and B. The different eucalypts genotypes, under the same edaphoclimatic conditions, presented different biomass production.
INTRODUCTION
Eucalyptus silviculture has expanded worldwide, mainly because of the increasing demand for wood and the high potential for biomass production [1] . In Brazil, the expansion of forestry was boosted by a government policy that subsidized reforestation programs from 1967 to 1989, with the aim of developing an internationally competitive logging industry [2] .
The possibility of using eucalypts wood for various purposes led both large and small companies to establish eucalyptus plantations for multiple uses [2] . Currently, eucalyptus plantations occupy 5.6 million hectares of the country's forest plantation area, with an annual growth of 2.8% [3] . This rate of increase has been constant for more than 40 years [2] , with growth rates strongly dependent on the genetic of clones, forestry practices, and climate [4] . Thus, improving the use efficiency of natural resources through the creation of genotypes and using appropriate practices of site management is a fundamental challenge of maintaining or increasing productivity in a sustainable manner [2] .
Biomass production varies according to the availability of resources at different sites, mainly through influences in the processes of photosynthesis, respiration, compartmentalization of carbon, underground flow, and leaf production, among others [5] . The quantification of forest biomass allows the determination of the production potential, or adequacy, of certain species for specific purposes, and the prediction of crop yields, thus helping to assess the loss or accumulation of biomass over time [6] .
To define management practices in forest plantations, it is important to choose species that achieve maximum biomass production for a given location by maximizing the uptake of nutrients [7] . For this, the prolongation of the harvest cycle is necessary. In order to achieve maximum efficiency during nutrient cycling, it is important to reduce the unnecessary export of nutrients [8] . In this context, the objectives of future studies on forest biomass should reconsider traditional practices and seek new alternatives to maintain an efficiently balanced crop [9] .
Studies on the biomass production and the nutrient stocks of different clones, planted under the same edaphoclimatic conditions, are key to select genotypes which are able to achieve high productivity in a sustainable way. Therefore, the objective of the present studywas to estimate the biomass, nutrient stocks, and nutrient use efficiency in six different genotypes of Eucalyptus established in Eldorado do Sul, Rio Grande do Sul (RS), Brazil.
METHODS

Characterization of the Site
The experiment was conducted in Eldorado do Sul, Rio Grande do Sul, southern of Brazil, in the Horto Florestal Terra Dura, owned by Celulose Riograndense -CMPC (30º11'30.3"S and 51º37'47.7"W). The approximate altitude of the place is 158 m.
The climate of the region is characterized as subtropical humid (Cfa), according to the climatic classification of Köppen presenting an average temperature of 19°C. The average annual precipitation reaches 1,400 mm [10] . In the period from 2012 to 2016, the average rainfall was 1283.6 mm per year. The annual mean temperature was approximately 17.6°C, with maximum temperature of 39.33°C, and minimum of 3.1°C (Fig. 1) . The soil in the experimental area is of the type Red-Yellow Argissol. Table 1 presents the clay and chemical atributes of the soil a depths from 0 to 130 cm.
Planting of the Experimental Area
The genotypes were planted in April 2012, with spacing each plant in a plot of 3 m x 3 m.
Subsoiling was performed at a depth of 60 cm, using a subsoiler with three stems, and a liming treatment was applied consisting of 2 Mg ha 
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Biomass and Nutrient Stocks
According to the data obtained in the plot inventory, three trees with a mean diameter were sampled for each genotype of eucalyptus. The selected trees were felled and separated in the following components: leaves, branches, stembark and stemwood.
A sampling of the wood and bark of the stem was done by dividing the trunk into three sections of equal parts, with the sampling performed on three points in the median position of each section. All biomass samples were weighed in the field with a precision scale to determine the moisture content. Subsequently they were sent to the laboratory and dried in an oven at 70 °C with circulation and air exchange until weight stabilization. Based on the dry biomass of each component and the number of trees per hectare of each genetic material, the total biomass per hectare was estimated.
For nutrient determination, the samples were milled with Wiley-type blades, with 30 mesh sieves and submitted to chemical analysis to determine N content by the Kjeldahl method; Ca, Mg, Cu, Fe, Mn and Zn content by atomic absorption spectrometry; P and B content by spectrophotometry; K content by flame photometry, and S content by turbidimetry. The nutrients were analyzed according to the methodology of Tedesco et al. [11] , Miyazawa et al. [12] . The estimates of the nutrient stock for each component was obtained by multiplying the dried biomass by the concentration of nutrients. The estimate per hectare was performed by extrapolating the stock per individual based on the number of individuals present in each sampling unit.
Nutrient Use Efficiency (NUE)
The values of nutrient use efficiency (NUE) were obtained by dividing the amount of biomass of 
Statistical Procedures
Statistical analyses were performed at a 5% error probability level with the statistical software Assistat 7.7 [13] . The biomass and nutrient concentration data were subjected to analysis of variance and Tukey's test for comparison of means between treatments (genotypes of eucalypts).
RESULTS AND DISCUSSION
Aboveground Biomass
The highest total biomass production was observed in E. uroglobulus and the lowest in E dunnii, with 117.52 and 68.40 Mg ha ). In a study conducted by [17] , in the Pearl River Delta region of southern China, when grouping species of eucalyptus into three age classes: < 6 years, 6-15 years, and 16 years of age, the authors found a marked increase in the accumulation of biomass with the increase of age with values of 54.63, 136.94, and 186.43 Mg ha -1 , respectively. This suggests that the production of biomass is influenced by plant age, species specific characteristics and planting location.
In relation to the stemwood biomass, the E. uroglobulus hybrid produced 25 and 44% more than the E. saligna and E. dunnii clones, respectively. Genetic factors (improvement and provenance), edaphoclimatic conditions, and management practices are directly related to the production capacity of the species [18] .
The greatest contribution to total biomass was from the stemwood, followed by the stembark, branches, and leaves, except in the clone E. uroglobulus, from which the greatest contribution to total biomass was from the stembark. The relative distribution of biomass, considering the same components, was the same as that found by: Viera et al. [19] while studying E. urophylla × E. globulus at 10 years of age, in Eldorado do Sul, RS, Brazil; by Salvador et al. [16] while evaluating E. saligna at 6.7 years of age in Telemaco Borba, PR, Brazil; and by Gatto et al. [20] while studying the biomass of eucalyptus plantations of different ages in the CentralEastern Region of the State of Minas Gerais, Brazil. In plantations of E. nitens in northern Spain, the distribution trend in terms of total biomass was wood > bark > thick twigs > dried twigs > leaves > fine twigs > twigs [21] . -------------------------------g kg   -1   -----------------------------------------------------------mg kg   - -------------------------------kg ha   -1   ----------------------------------------------------------g ha   -1   -------------------------- By adding the value of the bark to that of the wood, the biomass of the stem represents from 88 to 91% of total aboveground biomass, whose the lowest value was found in E. benthamii (P1) and the highest in E. benthamii (P2), while the canopy (leaves and branches) represents 9 to 12% of the total aboveground biomass. Some previous studies have reported contrasting results: [18] while evaluating E. dunnii at 4 years of age, reported that 81% of the aerial biomass was found in the wood and bark components; and [14], estimating the biomass of E. globulus, also at 4 years of age, reported that 77% of the biomass was found in the same components.
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In an experiment with E. saligna and E. urophylla × E. grandis at 18 months of age, the authors observed that even at an early age the contribution of the wood component to biomass was the largest relative to total aerial biomass, while the contribution from the bark component was the lowest. The average proportions were 41.5 and 37.4% for the wood and 7.5 and 7.1% for the bark, for E. saligna and E. urophylla x E. grandis, respectively [22] .
Before the closure of the canopy, there is a period of intense growth in which most of the photoassimilates synthesized by the plant are channeled into the canopy and root systems. In this phase, the roots partially exploit soil volume and trees do not compete with each other for growth factors (e.g., light, water, and nutrients). After the crowning of the tree canopy, the accumulation of nutrients in the trunks occurs with more intensity, as the formation of the canopy reaches a phase of relative stability, due to auto-shading that imposes a maximum leaf area limit [15] .
Concentration of Nutrients
Nutrient concentrations varied between genotypes and between different components within genotype (Table 4 ). In general, the leaves had the highest concentrations of nutrients and the wood the lowest concentrations, while the branches and bark exhibited intermediate values.
The tendency for most nutrients to accumulate in the leaves is because leaves have a higher metabolic activity than other components of the plant [19] .
This same trend, i.e., the highest concentration of nutrients in the leaves and the lowest in the wood, was also reported in populations of E. urograndis at 18 months of age in Piratini, RS, Brazil [23] ; in an E. dunnii stand at four years of age in Alegrete, RS, Brazil; in E. urophylla x E. globulus at age ten in Eldorado do Sul, RS, Brazil [19] , and in E. globulus in Chile [24] .
In relation to the analyzed macronutrients, N, P, K, and S were more concentrated in the leaves in most genotypes, except for E. uroglobulus, where K was more concentrated in the bark. Higher concentrations of N, P and K in leaves were also observed in a 9-year-old settlement of E. dunnii in Algorta, Uruguay [25] ; in E. saligna stands of different ages in Telemaco Borba, Paraná, Brazil [16] ; and in stands of E. grandis and E. pilularis aged 15 in north coast New South Wales [26] .
Ca and Mg were found in higher concentrations in the bark in most genotypes, except for E. dunnii and E. urograndis, in which the highest Mg content occurred in the leaves. The authors [19, 16 and 26] also found higher concentrations of Ca and Mg in the stembark.
For micronutrients, the highest concentrations occurred in the leaves, except for Cu in E. saligna, which the highest concentration was observed in the branches; and for Mn in E. benthamii (P1), E. saligna, E. uroglobulus, and E. urograndis, and Zn in E. benthamii (P2), which the highest concentrations were observed in the bark. This same trend, with higher content of micronutrients in leaves, was also found by Viera et al. [23] in Eucalyptus urograndis stands at 18 months of age in Piratini-RS municipality.
Amount of Nutrients
Nitrogen occurred in greater quantities in the leaves of most genotypes, with the exception of E. urograndis in which higher amount of N were found in the wood. P, K, and S had greater representation in the stemwood, and Ca and Mg in the stembark in most genotypes, except in E. dunnii, in which the highest amount of Mg was observed in the stemwood (Table 5) . Micronutrients were stored more in the stemwood, with the exception of Mn which accumulated in higher amount in the stembark.
The amount of macronutrients in the total biomass followed the order: K > Ca > N > Mg > S > P in most genotypes. In E. benthamii (P1), however, P content was higher than S content. In E. benthamii (P2) and E. uroglobulus, N content was higher than Ca content. For E. dunnii, the amount of macronutrients in the total biomass followed the order: N > K > Ca > Mg > S > P. Different results were found in populations of E. urograndis at 30 and 60 months of age in Seropédica, Rio de Janeiro, Brazil (K> N> Ca> Mg> P) [27] ; and in a stands of the E. urophylla x E. globulus hybrid at the age of ten in Eldorado do Sul, RS, Brazil (Ca > N > K > M > P > S) [19] .
For micronutrients, the order of amount in most genotypes was: Mn > Fe > Zn > B > Cu, except for E. dunnii, whose the amount of B was greater than that of Zn; and for E. uroglobulus, whose the amount of Fe was higher than that of Mn. Similar results were found by Viera et al. [23] and Gatto et al. [20] , however the authors found more B than Zn (Mn > Fe > B > Zn > Cu).
The highest amount of P, Ca, B, Mn, and Zn was found in E. benthamii (P1); of N, K, S, and Fe in E. uroglobulus; of Mg in E. saligna; and of Cu in E. urograndis. In E. uroglobulus was observed with 39 and 41% more than N and 35 and 48% more of K than the E. saligna and E. dunnii clones, respectively. In E. benthamii (P1) P concentrations were found to be 33, 39, and 52% higher compared to E. urograndis, E. saligna, and E. dunnii, respectively.
The canopy (leaves and branches) accumulated between 17 and 52% of the total macronutrients in E. benthamii (P1) and E. uroglobulus, and from 24 to 34% of total micronutrients in E. dunnii and E. uroglobulus. The stem (wood and bark) accumulated between 48 to 83% and 66 to 76% of the total macro and micronutrients, respectively.
The distribution and total content of nutrients in the canopy are affected mainly by changes in the amount of biomass and by differences that occur owing to age, both of the tree and the leaves, in their different physiological stages [28] .
Nutrient Use Efficiency
Genotypes and their different components showed variations in nutrient use efficiency (NUE) ( Table 6 ). With the exception of Fe in E. benthamii (P1) and E. uroglobulus, in which NUE was larger in the stembark, and of N in E. urograndis, where the branches had the highest concentrations, the stemwood presented the highest values of NUE, which is very relevant to forest companies, because this is the main product taken from forest plantations.
In general, the highest values of NUE were found in micronutrients, where Cu stood out in all biomass components but presented greater values in the stemwood. However, Mn had a lower NUE in most components, with the exception of the stemwood, in which the lowest NUE was found for Fe. For this component, nutrient use efficiency decreased in the following order: Cu > B > Zn > Mn > Fe.
In relation to macronutrients, P stood out as the most utilized element in the stemwood. In contrast, N presented the least efficiency in the leaves. The NUE of the stemwood for macronutrients decreased in the following order in most genotypes: P > S > Mg > Ca > N > K, with the exception of E. uroglobulus in which Mg was higher than S. Similar results, although with inversion in the distribution of some nutrients, were reported by Santos et al. [27] while studying E. urograndis at the age of five in Seropédica, RS, Brazil (P > Mg > Ca > N > K); by Santana et al. [8] while evaluating the provenance of E. grandis and E. saligna in forest sites of São Paulo, Brazil (P > Mg > K > N > Ca); and by Eufrade et al. [9] while studying E. urograndis at two years of age in Botucatu, São Paulo, Brazil (P > Mg > S > N > K > Ca). The variation in nutrient use efficiency can occur due to several factors, such as: the intrinsic characteristics of the genotype, the failure to obtain optimal or critical nutritional balance between the soil and the plant and water conditions [8] .
In general, the lowest NUE values were found in the leaves, with the exception of some elements, in which the lowest coefficients were observed in the stembark, as was the case for Ca, Mg, and Mn in the clones E. benthamii (P1) and E. saligna; for K, Ca, Mg, and Mn in E. uroglobulus; for Ca and Mg in E. benthamii (P2); for Ca and Mn in E. urograndis; and for Ca in E. dunnii. In this context, the harvesting of the leaves will result in the greatest export of nutrients, especially N and K. In contrast, considering only the harvesting of the stemwood with bark, Ca and Mg are the limiting nutrients in terms of the productivity of the next cycle, but this limitation may be reduced if only the wood is harvested. In relation to the other biomass components, P presented the highest NUE for the leaves and branches in most genotypes, except for E. benthamii (P1) where S had the highest value. As for the bark of the shaft, the largest NUE was found for S.
Taking into account the greater commercial interest in stemwood, it was observed that the highest biomass yields were accompanied with the highest values of nutritional efficiency for some elements, that is, the highest efficiency values for E. uroglobulus (P, Mg, and B) and E. benthamii (P2) (N, Ca, Cu, and Fe). Regarding the other genotypes, E. saligna showed higher efficiency for K and Mn, E. urograndis for S, and E. dunnii for Zn. The high efficiency presented by a species in the use of nutrients implies that it has a lower nutritional requirement, therefore, a parameter of great utility in the selection of species to be used in reforestation, especially in nutrient poor soils [29] .
CONCLUSIONS
The different genotypes of Eucalyptus, under the same edaphoclimatic conditions, present different biomass production.
The E. uroglobulus hybrid presented higher biomass production.
There are a great variation in the concentration and allocation of the amount of nutrients in the different genotypes of Eucalyptus and in the different components of the same genotypes.
The highest biomass yields were accompanied with the highest values of nutritional efficiency for some elements, that is, the highest efficiency values for E. uroglobulus (P, Mg, and B) and E. benthamii (P2) (N, Ca, Cu, and Fe).
